Young adults are more likely to have experimented with electronic cigarettes (EC) and underestimate their risks. The on-line survey adapted from American Survey on Tobacco and Alternative Tobacco Products included questions about the personal use of EC, perceptions about the harms and their role in disease causation, education and cessation training and practices related to classical cigarettes (CC), electronic cigarettes (EC) and alternative tobacco products (ATP). The questionnaire filled in 577 medical students (71.9% women) from Comenius University in Bratislava, the average age was 23±2yrs. The sample comprised of 486 (84.2%) Slovak and 91 (15.8%) foreign students; 385 were (66.7%) non-smokers, 111 (19.3%) ex-smokers and 81 (14 %) current smokers. EC currently use 13.5 % medical students, more males than females (22.2% vs 10.12%; OR 2.53, 95% CI 1.55−4.13), more foreign students than Slovak students (24.2% vs 11.52; OR 2.44, 95% CI 1.41−4.26), more smokers of classical cigarettes than non-smokers (46.9% vs 8.06%; OR 10.07, 95% CI 5.85−17.34). EC seems to be less harmful to 59.97 % students, mostly in the age groups ≤ 24 (61.76% vs 51.49%; OR 1.46, 95% CI 1.03−2.07), 41.25% of students consider EC to be less addictive, 55.6% think they do not get enough education on EC during their medical study. The results show the high consumption of tobacco products and the lack of knowledge and awareness among medical students.
Introduction
There is an existing general agreement that smoking belongs to one of the worst public health threats. Tobacco use represents an important public health issue worldwide. Particularly in the WHO European Region, where the highest levels of tobacco-use prevalence (over 29%) have been reported [1] . Tobacco in any form kills more than 8 million people each year and it is the major risk factor for many chronic non-communicable diseases and the leading preventable cause of death worldwide [2, 3] . Smoking remains a regular bad habit among the majority of those who smoke. Fortunately, considerable progress has been made reducing conventional classical cigarette smoking (CC) among youth in some countries [4, 5] . On the other hand, a great number of smokers persist. Overall, more than a quarter of Europeans consume tobacco products [4] .
When it comes to alternative tobacco products (ATP), the discussion continues among the common population, scientists, stakeholders, and policymakers; their use has some proponents, but also opponents. Among smoking alternatives, electronic cigarettes (EC) have likely received the greatest advocacy, policy, and media attention. However, the popularity of them and public interest is undocumented in many countries. EC are types of electronic nicotine delivery systems (ENDs). Easier availability of the ENDs and its widespread distribution is accompanied by many controversial views. As they are relatively short on the market compared to conventional cigarettes, health effects and consequences are not clear yet, the trends in vaping should continue to be monitored and investigated carefully [6, 7] . E-cigarette, electronic cigarette, e-cig (EC) is a product that can be used for consumption of nicotine-containing vapor via a mouthpiece, or any component of that product, including a cartridge, a tank and the device without cartridge or tank [8] . ECs are designed to deliver nicotine, but they contain also propylene glycol or glycerol, flavorings, and other additives, that are handed over to the user via an inhaled aerosol after heating [9] . Many ECs contain misleading information on product ingredients, not only the different amounts of nicotine but also harmful substances: fine/ultrafine particles, cytotoxic substances, harmful metals, carcinogenic tobacco-specific nitrosamines and carbonyls [7] . The new data from Gray [10] demonstrates the impact of device design and materials on toxic metals in different ENDs liquid (Cr, Ni, Cu, Zn, Sn, and Pb.). Increased metal concentrations in the liquid were followed by elevation in the aerosol. EC use has increased significantly especially among youth [9, 11] . Vaping is fundamentally different than smoking because it involves the heating of an e-liquid that doesn't contain tobacco, while smoking involves the combustion of tobacco. The National Academy of Sciences, Engineering and Medicine in 2018 released a report stating that while ECs are not without health risks, they are likely to be far less harmful than conventional cigarettes and can help adults to stop smoking [12] . The systematic review suggests that EC use may help to reduce the number of smoked cigarettes as well as to relieve the nicotine withdrawal symptoms [13] . There is substantial evidence among youth (who use ECs at higher rates than adults) that EC use increases the risk of transition to the smoking of conventional cigarettes [12] .
The use of these products raises a serious public health concern about the risk for non-smokers to develop nicotine dependence and for current smokers to keep up their dependence [14, 15] . Public Health England has maintained that EC is 95 percent less harmful than CC and has encouraged smokers who can't quit smoking to switch to this less harmful alternative [9] , so-called "harm reduction" strategy. This strategy might be again for smokers unwilling to quit but ex-and neversmokers probably have an increased risk by using EC. Because of the relatively few and often small studies, many methodological problems, inconsistencies, and contradictions in results, severe conflicts of interest no solid conclusions can be drawn on the safety of EC. However, they can hardly be considered harmless [7] .
Nicotine is a highly addictive substance. After switching from CC to EC the dependence persists [11] . Nicotine certainly stimulates the brain's reward system, it's unknown whether it affects brain development. Young adults are more likely to have experimented with EC and underestimate their risks. Still reminding problems are dual-use of CC and ATP and possible "gateway" to CC smoking. In some studies [16] dual users were significantly more likely to report AEs (vaping-related adverse events) than e-cigarette-only users.
According to the CDC report [17] , ECs are not safe for youth, young adults, pregnant women, or adults who do not currently use tobacco products. Recent reports of a death in the US linked to vaping, and of almost 200 cases of lung disease, have caused distress about the widespread use of EC. Vitamin E acetate, an additive to THC-containing e-cigarette is strongly linked to the product useassociated lung injury (EVALI) outbreak. CDC recommends persons not to use THC-containing ECs or vaping products, particularly from informal sources. Recommendation for clinicians, public health practitioners, and the public is to remain vigilant by taking steps to reduce risk, including efforts by clinicians to identify and treat EVALI patients [18] . The use of EC among young adults in Slovakia is not well documented.
The aim of our study is to investigate the use of various tobacco products among medical students, their knowledge and beliefs about CC and ATP, especially EC, perceptions about the risk of CC and ATP, as well as to assess the type of education, and cessation training they received during their study at Faculty of Medicine, Comenius University in Bratislava, Slovakia. As future health care providers, medical students will play a key role in health promotion and disease prevention and they should serve as a model for their patients and for the general public as well.
Material and Methods
This cross-sectional, anonymous online survey was conducted among medical students via the Study Department by sending e-mails containing the survey link. Participants completed the online questionnaire Study on Tobacco and Alternative Tobacco Products (ATP). The questionnaire was adapted from the Tobacco and Alternative Tobacco Products Survey of the School of Medicine, New York University (NYU), based on the methodology and results of three studies (National Youth Tobacco Survey 2011, Global Health Professions Student Survey and A Survey Study on Medical Students' Habits and Knowledge of Waterpipe in a Canadian Medical School). It included questions about the use of CC, EC, perceptions about the harms and their role in disease causation, education and cessation training and practices related to CC and EC [19] .
In Slovakia study, we used the same questionnaire translated into the Slovak language in order to obtain comparative results. Questionnaires were available online starting in May 2015. The students were repeatedly encouraged via email to fill in the questionnaire. In this contribution, we focused mainly on the assessment of the EC use in medical students and their opinion and knowledge on electronic cigarettes.
The online questionnaire was completed by 577 medical students from the study program General Medicine at Comenius University in Bratislava, the average age was 23± 2 yrs. The sample comprised of 486 (84.2%) Slovak and 91 (15.8%) foreign students (residing outside Slovakia and studying in the English language), 415 (71.9 %) women ( Table 1 ). The study sample was selected from 2,194 General Medicine students (all six grades) in the study year 2014/2015. The estimated minimum sample size on a 95 % confidence level was 222 medical students. The response rate was 26.3% among Slovak and 12.4% among foreign students. To evaluate the results, we used the methods of descriptive and analytical statistics using statistical package Epi Info TM software, version 7.1.5.0, Atlanta, GA, USA, and SPSS, version 24 (International Business Machines Corp.; New Orchard Road; Armonk, NY, USA).
Results
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There were 385 (66.7%) non-smokers, 111 (19.3%) ex-smokers and 81 (14 %), current smokers, in the study sample. EC currently uses 13.5 % medical students, with a statistically significant intersexual difference (22.2% males vs 10.12% females; OR 2.53, 95% CI 1.55−4.13). There was also a statistically significant difference in terms of EC smoking among medical students studying in English and in the Slovak language -foreign students were more likely to smoke EC (24.2% vs 11.52%; OR = 2.44; 95% CI 1.41 to 4.26). More EC vapers were among smokers of classical cigarettes than among non-smokers (46.9% vs 8.06%; OR 10.07, 95% CI 5.85−17.34) ( Table 1) . N -number of cases; OR -odds ratio; CI -confidence interval EC appears to be less harmful to almost 60% of students, mostly in the age group ≤ 24 (61.76% vs 51.49%; OR = 1.46; 95% CI: 1.03-2.07). More than 32% of students consider EC as equally harmful and 8 % even more harmful ( Table 2 ).
The opinion of students about the addiction of EC did not differ significantly in any of the monitored categories; 41.2% of students considered EC as less addictive, 49% as equally addictive and nearly 10% more addictive than conventional cigarettes (Table 3) . N -number of cases; OR -odds ratio; CI -confidence interval
Discussion
The results of our study indicate a high prevalence of current (14 %), and past smokers among medical students (19.3%), every fifth is an ex-smoker, every seventh student is a current smoker.
Similar findings were obtained about experiences with ECs, that currently uses 13.5 % medical students, with a statistically significant intersexual difference. In a study conducted at New York University out of a total of 431 students who completed the questionnaire, 64 students (14.7%) reported being current users of tobacco or tobacco products, including cigarettes (n=17; 3.9%) and alternative tobacco products (ATP) (n=21; 4.8%) [19] .
Overall population data on the number of smokers are probably inaccurate and, due to different sources, also very different, as they are mainly obtained by the questionnaire methods on a limited population. In compliance with the Slovak Cardiovascular Program (1978 -1988) , 44% of men and 12.8% of women smoked in Slovakia in the given period. According to the Statistical Office of the Slovak republic in the year 1996, 40% of men and 17% of women smoked and according to WHO data in 1998, 44.1% of men and 14.7% of women smoked in Slovakia [20] .
According to the WHO Report on the Global Tobacco Epidemic [21] , the age-standardized prevalence estimate in Slovakia for tobacco smoking among adults in 2009 was 23%. In addition, according to the 2007 Global Youth Tobacco Survey (GYTS), more than 50% of children in Slovakia between the ages of 13 and 15 were exposed to ETS [22, 23] .
According to the WHO (Tobacco and Health Education Survey), the prevalence of adult tobacco smokers in Slovakia in 2004 was 29%, 24% of women and 34% of men [24] .
According to the last available results from Eurobarometer in 2017, there are 26% of current smokers in the Slovak Republic. When comparing these results to those collected in 2014, the overall proportion of daily smokers has remained the same in the Member States, proportions have increased in Slovakia (+5 percentage points). The average number of cigarettes smoked per day by daily smokers varies across countries, the average number of cigarettes smoked exceeds 10. In most countries, change has been minimal since the last survey. Slovakia stands out for a significant increase in the average number of cigarettes smoked daily, up by 2.8 since December 2014 (from 15.9 in 2014 to 18.7 in 2017 [25] .
The traditional male dominance, typical of the adult population in most countries of the world, is slowly disappearing in the younger age groups in Europe and in the U.S. The number of smokers, especially young women, is increasing dangerously, which may have health implications for the entire population. Therefore, prevention programs should specifically target a group of girls [26] .
Based on epidemiological data on smoking in children and adolescents, the prevalence of smoking of the adult population in the future, its characteristics, as well as the extent of health impacts, can be estimated.
EC consumption has increased considerably especially among youth, growing an astounding 900% among high school students in the USA from 2011 to 2015 [11] . Data from several representative surveys in GB suggest that vaping prevalence among all adults in Great Britain has remained stable since 2015. In 2017 to 2018, estimates for prevalence were 5.4% to 6.2% for all adults, higher for smokers, with increasing experimentation and use of EC over time among youth [9] . An estimated 10.8 million people in the US used EC in 2018. The prevalence of e-cigarette use varied widely among states. The estimates were ranging from 3.1% to 7.0% [27] .
According to Eastwood et al. [28] from the United Kingdom, EC vaping in young people is increasing but is largely limited to those who smoke classic cigarettes. Among young people (11 to 18 years of age) involved in the YouGoy online survey, EC usage increased significantly from 4.6% (2013) to 8.2% (2014). Among regular EC users vaping increased from 0.9% to 1.7%.
Comparable data to our study were in the American study (National Youth Tobacco Survey, 2013). From 24,658 young people, only half of the youngsters have heard about EC. Of these, around 13% have already actively tested them and more than 4% still smoke [29] .
Some studies in a number of countries (South Africa, Pakistani) have found that as many as 20% of medical students use ATPs [19] .
In the YABS study performed on the sample of 15-19 years old youngsters in Bratislava we found out that the occurrence of CC smoking in the secondary school students' sample was almost 20%; older students and students from vocational schools smoked significantly more. The experience with alternative tobacco products (ATP) (except EC) had 63.1 % of students. There were no differences in the experience with EC vaping among age groups -a very high percentage (> 40 %) in both groups (younger and older) [30] .
Easier availability of the EC and its widespread distribution is accompanied by many controversial views. Since ENDS is on the market for a relatively short time compared to conventional cigarettes, there are still no known long-term health effects [7] . Significant increases in their use and increasing popularity among young people lead to concerns mainly from possible consequences. Therefore, it is important to explore trends in the perception and the use of not only regular cigarettes but also electronic cigarettes in this age group. The reasons for using EC in young adults are varied and are not limited to stopping smoking. Quit smoking is not the only reason to use EC by young adults [31] .
A growing proportion of young people in the UK believe that vaping EC is as harmful as smoking tobacco. Eastwood et al. comparing 2013 and 2014 found that the number of young people who perceived EC as less harmful compared to conventional cigarettes decreased from 73.4% to 66.9%, while the proportion of young people who considered as equally harmful, increased from 11.8% to 18.2% [28] .
In a study by our NYU partners, American students shared the view that ATP, including EC, contributes less to the emergence and development of various diseases than conventional cigarettes. Users of other tobacco products, Caucasians and those students whose family members smoked were more likely to perceive EC as relatively safer [19] .
ECs seem to be equally harmful to almost one-third of our medical students, two-thirds of students consider them to be less harmful, some students think they are even more harmful. Older students more often perceived EC more harmful compared to younger students.
Perception of EC as less harmful than conventional cigarettes was associated with increased EC use, including among cigarette-naive EC users [32] . According to some studies, there is evidence that dual use of CC and EC does not help smokers quit or reduce smoking [33] and some suggest that vaping has attracted millions of American teenagers into nicotine addiction and has led some to start smoking.
In our study, we also focused on observing students' opinions in terms of their perception of the degree of the addictiveness of electronic cigarettes compared to conventional cigarettes. The opinions of students did not differ significantly in any of the monitored categories; the majority of students thought they are equally addictive; slightly over 40% of students considered EC less addictive and one out of ten students more addictive than conventional cigarettes. About 55.6% of students think they do not get enough education on ATP and EC during their medical study, with a statistically significant intersexual difference (47.53% males vs 58.80% females; OR 0.65, 95% CI 0.49−0.85), 48.5% of foreign and 58.4% of Slovak students do not have an idea about the EC content.
The EC remains a controversial topic, having both its opponents and supporters. EC advocates argue that EC could help reduce the global risk of death attributed to conventional cigarette smoking, as well as reduce exposure to ETS [24, 28, 34] . They further proclaim that ECs are used almost exclusively as safer alternatives to classic tobacco products in classic cigarette smokers who seek to reduce or quit smoking completely and do not constitute a "gateway" to smoking initiation [35] . For now, the EC can hardly be considered safe for everybody, even if they have less harmful consequences than conventional cigarettes. It cannot be disputed against the assumptions of the harm reduction strategy for smokers and its supportive way of reducing the negative consequences of smoking [7] . Future research is needed to evaluate the long-term health outcomes and efficiency of EC with a greater discussion between patients and clinicians regarding this smoking cessation tool [36] .
On the other hand, some risks from their use are evident. Non-combustible tobacco is not a totally harmless alternative, as it is also a risk factor for some health-related problems. Nicotine is a potent psychoactive drug that, when bound to specific acetylcholine receptors, causes the leaching of neurotransmitters, especially dopamine and hormones, followed by a reward for the smoker in terms of well-being and increased short-term performance. Any use of nicotine, and therefore smoking of EC, can be expected to cause dependence, both physical and mental, in most users [37, 38] . Given the Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 February 2020 doi:10.20944/preprints202002.0103.v1 rapid distribution of nicotine at inhalation exposure, nicotine can be expected to exert its vasomotor efficacy in smoking of EC through activation of the sympathetic nervous system and adrenal glands, which poses an increased risk especially in patients with cardiovascular disease [39] . An additional risk is associated with the possibility of an overdose. While a smoker gets an average of 1 mg of nicotine from a conventional cigarette, e-cigarette cartridges contain about 18 mg, but also higher amounts of nicotine. A fatal dose for an adult is considered to be 30-60 mg, for a child 10 mg nicotine [40] .
In addition, while the long-term consequences of using EC not only for individuals but for society as a whole remain uncertain from a public health perspective, the Surgeon General's Report 2014 suggested that nicotine may have adverse effects o.i. for the development of the brain not only for children but also for young adults, the use of nicotine in any form is not safe for them and is not recommended [5, 38, 41] .
Although several studies are currently underway, due to many methodological problems as well as other negative factors affecting the objectivity of the results -serious conflicts of interest of study implementers, lack of long-term follow-ups, small number of participants, inconsistencies and discrepancies in methodology, studies, no clear conclusions can be drawn about EC safety [7] .
According to the Royal Colleague of Physicians' recommendations, it is important to encourage the use of non-tobacco nicotine products as much as possible to replace conventional smoking in order to protect the health of the population [35] . Several experts acknowledge that ENDS should be regulated as a source of nicotine, not as a tobacco product, but should be demonstrated to be safe and effective before being marketed. They should not be allowed where smoking is not allowed until the exact composition of their emissions and the consequent potential health consequences are not known [7, 32, 40] .
However, this study has several strengths and limitations. The limitations of the study are crosssectional design, on an online questionnaire basis with all its biases and misclassifications, the relatively small sample size and the low response rate.
The strengths of our study are the homogeneity of the group concerning age, study interests, level of knowledge, and health awareness. This can help to reduce confounding, but it might limit the generalizability of the results to the Slovak or European population. The questionnaire itself had an educational potential and helped us to elucidate educational gaps and to develop missing learning objectives in the curricula. The fact, that such data on the use of EC and ATPs among Slovak students are not present in any accessible international database and peer-reviewed international journal makes the study novel and valuable.
Present studies suggest that some Heat-not-Burn tobacco products have the potential to be a reduced risk product for public health compared to CC, considering indirectly the potential effects on the chronic non-communicable diseases and ETS exposure.
It is generally accepted that smoking habits are mainly developed in young people during adolescence and early adulthood. Tobacco prevention programs targeting adolescents should emphasize the risks of using not only CC, but also ATP and general accessibility of ATPs should be better regulated to prevent potential harmful consequences of adolescent poly tobacco use [42] .
Conclusions
The results show the high consumption of tobacco products and the lack of knowledge and awareness of the harmful effects of electronic cigarettes (ECs) and alternative tobacco products (ATPs) among medical students in Bratislava. ECs currently uses 13.5 % medical students, with a statistically significant intersexual difference and the difference between Slovak and foreign medical studentsforeign students were more likely to smoke ECs. Smokers of conventional cigarettes used to vape more than non-smokers.
Medical students supposed to have enough of proper knowledge to prepare for their role. A concerning percentage of surveyed medical students still use different tobacco products, including ECs. It seems they do not have enough knowledge, education, and cessation counseling skills to provide proper information about this topic to patients. Physicians should play an important role in preventing and counseling about risk factors of different non-communicable diseases. They can help especially the young generation with applying principles of a healthy lifestyle in disease prevention including not to initiate smoking but also could help patients treating addiction to smoking. The information on the new tobacco products and effective smoking cessation should be added into the curricula of the future physicians and to the preventive programs and public health policies.
Our study emphasizes the need for intervention in this field at medical faculties and for support of further monitoring and comparing results in larger surveys in Slovakia and the other countries. Our findings merit further consideration from research and policy perspectives as to the ongoing lack of EC regulation. 
